We present polarimetric and spectroscopic observations of the ROSAT source RX J1313.322 3259, recently identified as a polar. Circular polarization is modulated over the orbital period with an amplitude of , 10 per cent. A brief reversal in circular polarization is detected at phase , 0.0, when the main accretion region is seen face on to the observer. We deduce that the main cyclotron emission is absorbed by the accretion shock and/or stream at this phase, allowing a second accretion shock, located at the opposite ends of the field lines that feed the main pole, to be seen.
I N T R O D U C T I O N
Magnetic cataclysmic variables (CVs) are a class of semi-detached binary stars containing a mass-losing secondary star, usually a latetype main sequence star, and a white dwarf as a compact primary star. Magnetic CVs are further divided into two classes: polars (AM Herculis systems) and intermediate polars (IPs) , also sometimes called DQ Herculis stars (Patterson 1994) . In the former, the spin of the white dwarf is synchronized, or very nearly so, to the orbital period of the system. In polars the magnetic field (, 10-200 MG; Cropper 1990 ) of the white dwarf primary is sufficiently strong to lock the system in synchronous rotation and the material is accreted along the field lines. Magnetic cataclysmic variables are observationally interesting for a number of reasons. Their short orbital and spin periods, often manifested as multiperiodic variability, makes them ideal targets for time-series studies. Much can be learned from studies using various observational disciplines: high-speed photometry, time-resolved spectroscopy, polarimetry and X-ray observations are the prime means of investigation.
RX J1313.322 3259 (hereafter RX J1313) was discovered from the ROSAT all-sky survey (Beuermann & Thomas 1993) . It is a polar with the fourth-longest orbital period of P , 4:18 hr . It is therefore expected to experience a comparatively high time-averaged accretion rate and to have a correspondingly hot white dwarf. However, as pointed out by Gänsicke et al. (2000) , it has the coldest white dwarf of all the CVs above the period gap. They suggest that RX J1313 has either only recently developed from a detached pre-cataclysmic variable, or has experienced a low accretion rate for a sufficiently long timeinterval which allowed the white dwarf to cool. Thomas et al. also observed cyclotron humps and found large amounts of circular polarization in their optical spectra. From their observations they derived the system parameters of RX J1313. Their estimate for the mass ratio ðq ¼ 1:1Þ, derived from their spectroscopic observations of the cyclotron emission, is in conflict with our present understanding of stable mass transfer and the evolutionary history of cataclysmic variables.
We present the first photopolarimetric and new spectroscopic observations of RX J1313 from which we derive the system geometry and dynamics.
O B S E RVAT I O N S

Optical spectroscopy
Spectroscopic observations of RX J1313 were made at the South African Astronomical Observatory (SAAO) using the Cassegrain spectrograph on the 1.9-m telescope and utilizing the SITe1 CCD ð1752 £ 266 £ 15 mm pixelsÞ. Spectra were obtained at three different epochs. Table 1 shows a log of all the observations. RX J1313 was observed during a high state on two consecutive nights in 1999 January giving effectively a full orbital coverage of red spectra (,5200-9200 Å ). During 1999 February the system was in a low state and a sequence of red spectra was obtained over the full orbit. The system was too faint to obtain a sequence of blue spectra (,3500-5500 Å ).
During 1999 August the system was in a higher accretion state, but a combination of bad weather, a bright moon and an unseasonal right ascension made a full orbital coverage not possible. A sequence of high-resolution blue spectra were obtained on two separate nights, unfortunately at a similar phase interval ðf , 0-0:6Þ:
The spectra were reduced using IRAF. 1 The CCD images were first bias-subtracted, then dome flats (i.e. a halogen lamp illuminating a reflective screen) were used to correct for the pixel-to-pixel variations, vignetting effects and fringing. Twilight sky exposures were obtained (when conditions allowed) in order to determine the slit illumination function. Telluric features and residual fringes were removed by observing smooth spectrum standards (namely simple line-free early spectral type stars from Bessell 1999). The spectra were then flux calibrated using observations of spectrophotometric standard stars. Fluxes obtained in this way are accurate to about 20 per cent.
Optical polarimetry
RX J1313 was observed between 1999 July 16 -19 using the SAAO 1.9-m telescope and the UCT polarimeter (UCTPol; Cropper 1985) and on 2000 April 5 -7 using the UCTPol on the SAAO 1.0-m telescope. The UCTPol was operated in Stokes mode, i.e. simultaneous photometry and linear and circular polarimetry. White light, defined by an RCA31034A GaAs photomultiplier response 3500 -9000 A, observations were undertaken. A broad blue band ð3500 -5500 AÞ, defined by a BG39 filter, and a broad red band ð5700 -9000 AÞ, defined by an OG570 filter, were also used. There were occasions when conditions were not photometric, compromising some of the photometry. Such subsequently affected points were excised from the data, while the polarimetry was unaffected. Polarization standard stars (Hsu & Breger 1982) were observed during the night to set the position angle offsets. Nonpolarized standard stars and calibration polaroids were observed to set the efficiency factors. The data were reduced as described in Cropper (1997) .
SPECTROSCOPY
The red and blue spectra
The red spectra are dominated by secondary star features, as can be seen in the mean combined spectrum from the 1999 January data, shown in Fig. 1 
Radial velocities
In order to investigate the radial velocity components of the emission lines, we determine the radial velocities for the Ha emission line using the Gaussian convolution scheme (Schneider & Young 1980; Shafter 1985) . Eight Gaussian 'filters' were used (e.g. Buckley & Tuohy 1990 , Buckley et al. 2000 with separations of 2000, 1500, 1200, 900, 700, 500, 200 and 100 km s
21
, and corresponding Gaussian s values of 400, 250, 200, 200, 200, 200 , 200 and 100 km s
. Radial velocities via the Gaussian convolution scheme were determined for the Ha line only, as it is the only strong emission line observed over the entire orbital period, and with good phase resolution ðDf , 0:025Þ. Each radial velocity curve was phase folded using the ephemeris of Thomas et al. (2000) and the amplitude (K-velocity), systemic velocity (g-velocity) and phase offset (f 0 ) determined by fitting sinusoids v r ¼ g þ K sin 2pðf 2 f 0 Þ; using a non-linear least-squares algorithm. Table 2 lists the three variable parameters (K, g, f 0 ) for the bestfitting sinusoids to the radial velocity (RV) curves for the Ha line. From this table it can be seen that the K-velocity increases into the wings up to a value of ,360 km s 21 for a Gaussian filter with a separation of 2000 km s
. There is also a phase zero shift as a function of Gaussian separation, with the zero phase shifting from f ¼ 0:034 for a separation of 100 km s 21 to f ¼ 20:266 for a separation of 2000 km s 21 . From the phase shift between the RV , it follows that the broad line emission region leads the narrow line emission region by Df ¼ 0:3. This phase shift is also illustrated in Fig. 3 where RV curves for separations of 200 and 1200 km s 21 are overplotted.
The secondary
To help quantify the secondary star contributions, a library of M dwarf (see Table 3 ) spectra was created by observing stars classified from M1.5 to M4.5 in the list given by Kirkpatrick, Henry & McCarthey (1991) . These spectra, with differing scaling factors, were subtracted from the observed RX J1313 spectra until the best removal of M star features was achieved. We created a mean faint phase spectrum, and judging from the removal of the M star templates we found that the M3.5V star GL 273 was the most suitable match to the secondary (Fig. 6, later) . Thomas et al. estimated the secondary to be of spectral type M2:5^0:5 by comparing the low state spectra to those of several M stars. The radial velocities of the Ca II triplet (8498, 8542 and 8662 Å ) were computed by fitting Gaussians to the emission lines and calculating the radial velocities from the relative shifts of the line centres. The Ca II lines are visible in the spectra only between phases f , 0:2 -0:8. Outside this phase range the irradiated face of the secondary star (where the Ca II emission is thought to originate) is at least partially self-eclipsed by the non-irradiated part of the star. In addition, we attempted to determine the secondary star radial velocity via Fourier cross-correlation, using the FXCOR routine in the IRAF radial velocity package. Here we correlated the object spectra against the M star (GL 273) template. The radial velocity curves were phase folded and the amplitude (K-velocity), systemic velocity (g-velocity) and phase offset (f 0 ) determined as for the Ha line. Table 4 lists the three parameters (K, g, f 0 ) computed via Fourier cross-correlation and from Gaussian fits to the Ca II lines. We also attempted to determine the radial velocities of the Na line only, but this result gave considerable scatter.
Fourier cross-correlations were calculated for those parts of the spectrum where the TiO bands of the secondary star features are most prominent ð6800 -8450 AÞ. Below 6800 Å the spectrum is dominated by the cyclotron hump centred around Ha, and above 8450 Å the H-Paschen lines dominate the spectrum.
The K-velocity for the radial velocity curve computed via cross-correlation ðK ¼ 169^10 km s 21 Þ is in agreement with the K-velocity measurements made by Thomas et al. for the Na I l8183,8195 and K I absorption lines ðK ¼ 189^9 km s 21 ; their fig. 8 ). This is higher than the K-velocities determined for the Gaussian fits to the Ca II triplet. This is consistent with the secondary star features and absorption lines giving a more accurate representation of the orbital motion of the secondary than the Ca II emission lines, which are more associated with the stream.
Similarly, the g-velocity calculated from cross-correlation, ð279^10 km s 21 Þ is in approximate agreement with the g-velocity measurements made by Thomas et al. (2000) for the Na I l8183,8195 and K I absorption lines (visual inspection of Thomas et al.'s fig. 8 ). However, the emission lines show g-velocities in the positive sense, with values generally above , 50 km s
21
. This probably arises because the emission lines are subject to streaming velocities and various geometrical effects. The secondary star is not subject to such effects. Therefore, the results from the crosscorrelation and the absorption line measurements are more representative of the systemic velocity of the system. 
Doppler tomography
Doppler maps were constructed for RX J1313 using the Fourier filtered back-projection method (Horne 1991) . Fig. 4 shows the trailed spectrograms for RX J1313 calculated for Ha (from the 1999 January data) and Hb, He II l4686 and Hg (all from the 1999 August data) while the resulting tomograms are displayed in Fig. 5 . The 1999 August data did not give full orbital coverage ðf , 0:1 -0:65Þ or good phase resolution ðDf , 0:045Þ, but it is nevertheless possible to construct a Doppler tomogram from just half an orbit. The back-projection method assumes that the emission is optically thin and is therefore present over the whole orbit. In reality this is not the case and as a consequence any emission that only appears during the unobserved phases will not appear on the Doppler maps.
The trailed spectrograms and Doppler tomograms for Hb, He II l4686 and Hg clearly show multicomponent emission with different intensities. The spoke-like features seen extending from the origin to higher velocities in the Doppler maps of Hb, He II l4686 and Hg are spurious and due to the coarse phase resolution of the data. The Ha emission line trailed spectrogram and tomogram do not show the radial velocity and intensity variations as clearly as the bluer lines, as these data were taken at low spectral resolution (, 5 Å ).
Two structures are clearly evident in the tomograms computed from the data of 1999 August. A primary emission region is evident as a compact zone close to the expected location of the secondary star, and also a 'cometary' tail-like component with motion toward the white dwarf primary, consistent with material leaving the secondary in a stream. The stream appears to 'turn' towards negative Y velocities. This is either an indication of an extended Figure 6 . Decomposition of a mean faint phase RX J1313 spectrum into M dwarf template and residual component. The upper trace is mean faint phase spectrum, the lower trace is a spectrum of GL 273 (M3.5). The middle spectrum is the observed spectrum minus the scaled M dwarf spectrum. The vertical scale is arbitrary, and the spectra are offset to avoid overlap. Figure 7 . The same as for Fig. 6 , but here the upper trace is a mean bright phase spectrum.
ballistic stream or the combination of a ballistic and magnetically confined stream.
Furthermore, we are unable to determine the mass ratio or the inclination from these Doppler maps because they have either too low a spectral resolution or do not cover a whole orbital cycle. The inclination and mass ratio cannot be determined from Doppler maps independently and we find that we cannot constrain any of these parameters from the maps in Fig. 5 . 3.5 Search for cyclotron emission Before searching for cyclotron features, it was first necessary to remove the secondary features from the red spectra. After subtraction of the secondary spectrum the remaining light should consist predominantly of the following components: photospheric radiation from the magnetized white dwarf, radiation from the accretion stream (and reprocessed radiation from near the accretion stream), and cyclotron radiation beamed from the accretion region. Fig. 6 shows the decomposition of RX J1313's spectrum into the M dwarf (GL 273) template and the residual emission. The subtraction of the template from the bright phase spectra proved to be less successful than that of the faint phase and shows a hump at around Ha in Fig. 7 . The hump is most prominent at phases centred at f , 0:25 and 0.75, and can be seen in the trailed spectrogram shown in Fig. 8 .
A possible explanation as to why the removal of the M3.5V star from the bright phase is not as successful is that at bright phases the irradiated face of the secondary becomes increasingly more visible. This effect would introduce earlier M star photospheric features in the brighter phases as compared with the spectral features in the faint phase. However, subtraction of earlier type M dwarf spectra did not prove successful in removing the hump at 6600 Å . Thomas et al. (2000) reported seeing cyclotron humps at ll 5100, 6600 Å in their spectropolarimetric data. A hump was not detected at 5100 Å in our 1999 August blue data, however the data has a high spectral resolution with a short wavelength coverage and does not cover a full orbit. Lower-resolution blue data are needed to search for cyclotron humps at 5100 Å . However, because the subtraction of earlier M star spectra did not remove the hump at 6600 Å , this is possibly confirmation of the cyclotron harmonic detected by Thomas et al. at a similar phase. Fig. 9 shows the red and blue polarimetric observations folded (not binned) on the ephemeris of Thomas et al. Fig. 10 shows the white polarimetric observations folded and, in the case of the 2000 April observations, binned on the same ephemeris.
POLARIMETRY
The intensity curves for the 1999 July observations (Fig. 9 and the left-hand panel of Fig. 10 ) show a double peak variation similar to the phase-folded light curves obtained during a low state of Thomas et al. (2000) , where double peaks arise partly as a result of ellipsoidal variations. Minima are observed centred at phases , 0 and , 0.5. The 2000 April observations show RXJ1313 in a higher state, also similar to the high-state light curves of Thomas et al., where the emission is dominated by cyclotron radiation.
Circular polarization is present over almost the full orbit. The general morphology remains the same between the high and low states. The relatively narrow dip centred at phase , 0.0 is consistent with absorption by the accretion shock and/or stream, as typically seen in other polars (e.g. V834 Cen; Cropper 1989) when the accretion shock is seen most face on. It reaches zero polarization in the red filter observations. However, the blue filter and the white light circular polarimetry do show a slight reversal in sign at phase ,0.95. We deduce that while the main cyclotron emission is absorbed by the accretion shock and/or stream at this phase, a second accretion shock, located at the opposite ends of the same field lines that feed the main pole, is observed.
The broader minimum centred on phase ,0.5 reaches almost zero in the red filter but remains above 3 -4 per cent in the blue filter. The generally larger amount of circular polarization in the blue compared to the red is suggestive of a relatively high magnetic field strength and is consistent with the 56-MG estimate of Thomas et al. (2000) . This minimum arises as a result of a combination of cyclotron beaming and projection effects of the main cyclotron emission region as it rotates to the far side of the white dwarf. The main emission region remains in view at all phases, whereas the second accretion shock is on the visible hemisphere of the white dwarf for a short period around phase ,0.0 only.
The linear polarization does not show any pronounced pulses in the 1999 July observations, except perhaps at phases ,0.2 in the red and ,0.8 in the blue, consistent with an accretion region nearing the limb of the white dwarf. There is also an indication of a linear pulse at phase ,0.5 in all the filters. However, our 2000 April data quite clearly show a linear pulse at phase ,0.7 and, to a lesser extent, at phase , 0.2. The variation in position angle is also quite pronounced, especially in the 2000 April observations, and is consistent with a main cyclotron emission region in view at all phases. Fig. 11 summarizes the emission properties and the derived geometry for the polar RXJ 1313.
C O N C L U S I O N S
Our new polarimetric observations confirm the polarized nature of RX J1313 as reported in Thomas et al. (2000) . The polarimetric variations over the orbital period can be explained as emission from a single dominant accreting pole. As the white dwarf rotates, the variations arise as a result of a combination of self absorption, cyclotron beaming and projection effects. There is also tentative evidence of a second accretion region seen only when the main cyclotron emission is absorbed by the accretion shock and/or stream.
Our spectroscopic observations confirm the presence of a cyclotron harmonic centred at about 6600 Å . Doppler tomography of the emission lines shows a primary emission region close to the expected location of the secondary star and a long 'cometary' taillike component, consistent with a stream leaving the secondary. Our radial velocity measurements of the Ha emission line reveals a broad velocity component that leads a narrow velocity component by ,0.3 in phase, consistent with material streaming ahead of the secondary star. Further observations and detailed modelling are required in order to separate and investigate the ballistic and magnetically confined parts of the accretion stream.
AC K N OW L E D G M E N T S
We are grateful to the Director, Dr R. Stobie, for the generous allocation of telescope time at the SAAO. KJvdH is grateful for the financial support received from the SAAO in the form of a postgraduate scholarship. 
